Details of the ultrahigh-resolution ESI FT-ICR MS analysis of WSOC
higher. Strata-X SPE cartridges were conditioned with an application of three solvents in the 37 following order: 3 mL of methanol, 3 mL of acetonitrile and 3 mL of optima grade HPLC water. 38
Exactly half of 9/24 and 9/25 filters and a laboratory filter blank were cut into smaller pieces and 39 sonicated for 30 minutes twice, first time in 30 mL and second time in 20 mL water. The pH was 40 not adjusted. The 50 mL aqueous extracts were applied at a slow rate (approx. 1 mL min -1 ) to 41 enable aerosol organic species to partition to the SPE stationary phase. SPE cartridges were rinsed 42 with water and the WSOC species retained on the SPE stationary phase were eluted with a 2 mL 43 solution composed of water and acetonitrile in a 1:9 ratio. Prepared extracts were stored in a freezer 44 until cold overnight shipment on freezer packs to the Woods Hole Oceanographic Institution 45 (Woods Hole, MA) Fourier Transform Mass Spectrometry facility for analysis. 46
ESI FT-ICR MS instrumental parameters

47
Aerosol WSOC samples and blanks were analyzed at the Woods Hole Oceanographic 48 Institution Fourier Transform Mass Spectrometry facility using the ultrahigh-resolution 7 tesla FT-49 ICR mass spectrometer (LTQ FT Ultra, Thermo Scientific, San Jose, CA) equipped with an ESI 50 source. Samples were infused directly into the ESI interface and the ESI parameters were adjusted 51 to obtain a stable ion current with minimum ion injection time into the mass analyzer. After 52 optimization, the infusion flow rate was 4 μL min −1 and the ESI needle voltage was −3.9 kV. 53
Between measurements, the sample delivery apparatus was flushed with at least 500 μL of pure 54 water and acetonitrile and their solution in 1:9 ratio until background noise levels were reached. 55
Three replicate measurements of negative ion mass spectra were collected using full-scan analysis 56 for the range of m/z values 100 to 1000 with the mass resolving power set at 400,000 (at m/z 400). 57
Automatic gain control was used to consistently fill the linear ion trap quadropole mass analyzer 58 (LTQ) with the same number of ions (n = 10 6 ) for each acquisition and to avoid space charge 59 effects from overfilling the mass analyzer. The instrument was externally calibrated in negative 60 ion mode with a standard solution of sodium dodecyl sulfate and taurocholic acid. Mass accuracy 61 for the spectra was < 2 ppm. For each sample, more than 200 individual mass spectra recorded in 62 the time domain were collected and stored as transients using Thermo Xcalibur software. 63 (Kendrick, 1963) helps in identifying homologous series of compounds that differ in number of 78 base units (e.g., CH2, Ox where x is an integer > 0, and CH2O) only. KMD for an elemental 79 composition of a compound C observed in a mass spectrum containing base unit B (e.g., CH2) can 80 be calculated from Kendrick Mass (KM) as: 81
Data processing and assignment of molecular formulas
All molecular formulas presented here were assigned using the CH2 homologous series. 84
Note that accurate formula assignments can be achieved with molecular formula extensions other 85 than CH2 (e.g., Kujawinski and Behn, 2006) . Homologous compounds that differ by number of 86 base units only will have the same KMD. KMD for the entire mass spectrum and selected base 87 unit can be visualized in a Kendrick mass plot, in which KMD is plotted vs. nominal Kendrick 88 mass (NKM). This visual representation aids in recognition of elemental compositions of the same 89 type and class. 90 A user-defined de novo cutoff for the homologous series is used in the molecular formula 91 assignments. De novo cutoff is the m/z value above which the molecular formula assignments are 92 made only for the ions that belong to homologous series starting below the cutoff. We used a two-93 step approach here following the work of Koch formulas presented here are the combination of both methods without double counting. An 101 assignment threshold of six times the root mean square values of the signal-to-noise ratio between 102 m/z 988 -990 was applied to the data. These assignment thresholds were 0.9%, 0.2% and 0.1% 103 (relative to the molecular ion peak at 100%) for 9/24, 9/25 and laboratory filter blank, respectively. 104
For the three replicates of each sample measured by FT-ICR MS, only the molecular formula 105 assignments found in all three replicate analyses were retained. Molecular formulas with 106 measurement errors larger than 3 ppm were discarded. Chemical rules and assumptions for 107 additional quality assurance of the assigned formulas were adopted from Koch et al. condensed aromatic ring structures. The value of DBE/C ≥ 0.7 is a threshold for molecular 120 assignments with fused-ring structures, and thus a proxy for combustion derived species and their Another metric to estimate the degree of molecular saturation and structure is the 123 aromaticity index (AI). AI is defined as the minimum number of C-C double bonds and rings 124 required to rationalize these molecular features based on elemental composition (Koch and 125 Dittmar, 2006) . AI is calculated for CcHhNnOoSs molecular compositions by taking into account 126 the C bonds with heteroatoms as: 127
The AI calculation of Koch and Dittmar (2006) (Table 1 ). (Table 1 ). 
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